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EDITORIAL
Parathyroid gland hyperplasia in uremia
The parathyroid glands belong to the class of low turn- calcium directly induces parathyroid hyperplasia. How-
over, discontinuously replicating tissues composed of ever, our in vitro studies using uremic parathyroid cells
cells with a long life span, as is the case with most hor- in long-term culture showed evidence for the opposite,
monally active tissues. This makes the analysis of normal specifically, a stimulation of parathyroid cell prolifera-
growth characteristics difficult, all the more so when tion in response to a high calcium concentration [4]. It is
considering that no adequate cell culture model is avail- possible that the response of pathologically transformed,
able to study the regulation of parathyroid cell prolifera- primarily clonal cells to extracellular calcium is different
tion and death under physiological conditions in vitro. from that of normal cells. However, it is of note that a
Fortunately, techniques using the expression of cell cycle– similar direct stimulation by calcium has been observed
associated antigens presently allow a relatively precise in many other cell types. The recently reported inverse
measurement of the proliferation rate of parathyroid relation between parathyroid calcium-sensing receptor
cells in gland tissues ex vivo [1]. In contrast, the determi- (CaR) expression and proliferative activity of parathy-
nation of parathyroid apoptosis remains a technically roid tissue sampled from uremic patients might be inter-
difficult task. Three groups have failed to detect apopto- preted to reflect an inverse relationship between extra-
sis in normal rat parathyroid, whereas others have re- cellular calcium and proliferation [5]. In our opinion,
cently been able to measure apoptosis in normal dog [2], however, the CaR down-regulation observed in severe
as well as in normal and pathologic human glands [2, 3]. uremic hyperparathyroidism probably reflects secondary
The hyperplasia of parathyroid tissue in chronic renal changes caused by clonal growth, rather than primary
failure is primarily the result of an increase in parathy- changes. This conclusion is in line with the failure to
roid cell proliferation. Cell hypertrophy is only of minor identify mutations of the CaR gene in this condition.
importance. Whether the rate of apoptosis is also modi- Calcitriol reduces parathyroid cell proliferation by de-
fied is still a matter of debate [1]. Our group actually creasing the expression of the early gene, c-myc. This
found an increase in parathyroid gland apoptosis in dial- gene modulates the progression from G1 to S phase in
ysis patients with severe secondary hyperparathyroidism the cell cycle. A decrease in plasma calcitriol and/or a
[3], possibly as a compensatory reaction to hyperplasia. disturbance of its action at the level of the parathyroid
The mechanisms involved in the pathogenesis of para- cell, which are both frequently observed in uremic pa-
thyroid hyperplasia in patients with chronic renal failure tients, may cause progression into the cell cycle and a
are still incompletely understood. At least two different disinhibition of c-myc expression. Calcitriol also induces
types of growth can be distinguished. After an initial the differential expression of the cyclin kinase inhibitor
stage of polyclonal growth, probably in response to ure- p21WAF1,C1P1 in the myelomonocytic cell line U937 and
mia-related metabolic disturbances, clonal proliferation activates the p21 gene transcriptionally in a VDR-depen-
is observed in patients with long-standing, severe hyper- dent, but p53-independent, manner [6]. This finding indi-
parathyroidism [1]. The latter is almost certainly the cates another possible mechanism by which calcitriol
result of a number of acquired, somatic gene mutations. may regulate the proliferation of parathyroid cells.
It is known that chronic calcium depletion and vitamin How phosphate controls parathyroid function remains
D deficiency lead to secondary hyperparathyroidism, pre- a mystery. It was initially thought that the stimulation
sumably the polyclonal type. Since renal failure is fre- of parathyroid hormone secretion by hyperphosphate-
quently associated with disturbances of calcium and vita- mia was indirect. However, recent in vitro studies pro-
min D metabolism, a major role of calcium and calcitriol vide convincing evidence for a direct effect, involving
deficiency in initiating uremic hyperparathyroidism is post-transcriptional regulation of parathyroid hormone
widely recognized. How a calcium deficiency precisely mRNA stability through the specific nuclear protein,
stimulates parathyroid cell proliferation is actually un- AUF1 [7]. It is as yet unclear how the parathyroid cell
known. It is commonly believed that low extracellular senses extracellular phosphate.
Similarly, it is unclear how a phosphate-rich diet and
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chronic renal failure conversely how a phosphate-poor diet inhibits parathy-
roid tissue growth. In this issue of Kidney International,Ó 2001 by the International Society of Nephrology
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Dusso et al made an important step forward with respect identified, parathyroid-specific transcription factor, Gcm2,
which specifically controls the embryonic differentiationto this issue [8]. They reasoned that in vivo, the phos-
of parathyroid precursor cells into parathyroid tissue [11],phate effect on parathyroid cell proliferation might be
is also involved in normal or pathologic parathyroid cellindirect, via changes in plasma calcitriol and a subse-
proliferation and whether Gcm2 itself is submitted toquent inhibition or induction of p21, respectively. How-
regulation by other factors such as vitamin D, calcium,ever, they observed in a first experiment that feeding a
or phosphate.low phosphate diet to uremic rats increased p21 mRNA
and protein expression in the absence of changes in
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